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FOREWORD

This report is submitted to the Astrionics Laboratory of the George C. Marshall
Space Flight Center, National Aeronautics and Space Administration, Huntsville,
Alabama, in accordance with the requirements of Task Order No. ASTR-LGC-26
of Contract No. NAS 8-5332. The report is one of a series describing radiation
effects on various electronic components. This particular report concerns four
types of transistors, and one type of field effect transistor. The tests were per-

formed by the Georgia Nuclear Laboratories, Dawsonville, Georgia.
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1.0 SUMMARY

Four types of injection type transistors and one type of field effect transistor were
subjected to a radiation environment. Measurements were made to determine the
effect of the radiation on the hFE and hie parameters of the injection type transis

tors and on the 'DSS' VP’ gmo and gm]poramefers of the field effect transistor.

The specimens tested were:

Number Type Manufacturer Tested at (°C)
20 2N708 Fairchild 75
20 2N708 Fairchild 30
20 2N9i8 Fairchild 75
20 2N918 Fairchild 30
10 S2N1486 Silicon Transistor Corporation 30
20 S2N2412 Texas Instruments 30
29 2N2498 Texas Instruments 30

The test data indicated:

For the injection type transistors

(1)  All specimens failed (50% decrease in hFE)' Ranges of failures were:

Type First Failure Last Failure
2N708(75°C) 4.1 x 10]3n/cm2 8.8 x 10]3n/cm2
2N708(30°C) 2.2 x 10 n/cm? 7.3 x 10 3n/cm?
2N918(75°C) 7.9 x 10" Sn/cm? 5.3 x 10 4n/cm?
2N918(30°C) 3.5 x 10 n/cm?> 1.8 x 10" 4n/cm?
S2N1486 2.4 x lOIon/cmi 5.9 x IOIOn/cmz

S2N2412 1.6 x 10 3n/cm 2.8 x 10'3n/cm



(2)

Normalized hie decreased in a manner very similar to normalized hFE'

For the 2N2498 field effect transistor

(M

(2)

(3)
(4)

IDSS remained essentially constant up to an exposure of 1 x ]0]3n/cm

15 2
then began to decrease, reaching essentially zero at 1.7 x 10 "n/cm™.

Vo showed a radiation rate effect at a reactor power of 3 megawatts. The

net effect of the radiation exposure was about a 70% decrease in VP.

Both 9 and 9, ... decreased as a result of the irradiation.
o ]
All specimens failed (50% decrease in 9., ). Failures ranged from 3.0 x

0]4n/cm2 to 7.4 x 10]4n/cm2. °




2.0 INTRODUCTION

The experiment described in this report is the fifteenth irradiation of electronic
components and is the nineteenth in a series of radiation effects tests on electronic
equipment, circuits, and components contemplated for use on a nuclear space ve-
hicle. Since the use of equipment on this vehicle is contingent upon its ability to
withstand the nuclear environment, the Astrionics Laboratory of the Marshall Space
Flight Center has undertaken to assure that Government furnished or specified
equipment will survive this environment. The equipment is to be subjected to the
expected nuclear environment as simulated at the Georgia Nuclear Laboratories.
Measurements made on the equipment during the irradiation will describe its radi-

ation tolerance.

The subjects of this test are the types 2N708, 2N918, S2N1486 and S2N2412 trans-
istors and the type 2N2498 field effect transistor.




3.0 TEST PROCEDURE

The test specimens were supplied by the Astrionics Laboratory of the Marshall
Space Flight Center. Throughout the test, 20 of the 2N708 transistors and 20 of
the 2N 918 transistors were mounted in a controlled temperature chamber adjusted
to hold the temperature at 75 + 2°C. Al the other specimens were mounted in a
controlled temperature chamber adjusted to hold the temperature at 30 + c.
The specimens were first exposed to a nominal gamma dose of 6.3 x 105r behind a
neutron attenuator shield. The shielding was then removed and the test was con-
tinued until a nominal integrated neutron flux of 2.6 x IOM'n/cm2 was accumu-
lated. At this point the reactor was shut down for aperiod of about 15 hours. The
reactor was then restarted and the irradiation was continued until a nominal inte-
grated neutron flux of 1.8 x 10]5n/cm2 had been accumulated. The total nominal
gamma dose at the end of the test was 1.3 x 107r. Before, during and after the
irradiation, measurements were made on non-failed specimens to determine the
parameters listed in Table 1. Measurements were also made during the test to de-

fine the nuclear and temperature environments.

3.1 TEST SPECIMENS

The specimens tested are listed in Table 1. Except for the $2N1486 devices the
specimens tested were mounted on printed circuit boards by the Astrionics Labora-
tory. The S2N1486 devices were mounted by GNL. All specimens were new units
and had only been subjected to MSFC receiving inspection. Manufacturers' spec-
ifications for the specimens are shown in Table 2. The specimen boards were
mounted vertically in the radiation field to equalize the radiation flux distribution.
Figures 1, 2, 3 and 4 show the relative positions of the specimens. The environ-
mental chambers in which the specimens were placed were located directly adja-

cent to the reactor for the irradiation.



3.2 TEST SPECIMEN MEASUREMENTS

A complete set of data was taken prior to reactor start-up to establish baseline
data for the test. During the irradiation, measurements were made at all reactor

power settings. Measurements were also made:

(a)  during reactor shutdown for removal of the shield,
(b)  at the beginning and the end of the 15 hour reactor shutdown period,
(c)  upon completion of the irradiation, and

(d)  approximately 66 hours after the end of the irradiation.

The measurements were made on all non-failed specimens and were performed with

the test fixture in place at the reactor facility.
3.3 INSTRUMENTATION
3.3.1 Injection Type Transistor Measurement Circuits

The measurement circuits for the injection type transistors are shown in Figures 5,
6 and 7. The emitters of the test specimens were commoned, and the base and
collector were commutated into the test circuits,

In the hie and hFE measurement circuits the feedback loop, including Amplifier A,
establishes the base current necessary to provide the collector current shown in
Table 1. Capacitors of 910 picofarads were connected from collector to emitter of
the 2N708, 2N918 and the S2N2412 specimens on the printed circuit board to pre-
vent oscillation caused by the inductance and capacitance of the long instrumen-
tation cables. These were mica capacitors which had previously shown tolerance
in excess of the radiation levels experienced in this test. The base current was

measured by the digital voltmeter and hFE was calculated from these measurements.




With a signal as shown in Figures 5, 6 and 7 applied to the base, the base to emit-
ter voltage (Vbe) was measured by an AC voltmeter. These values were used in

the determination of input impedance (hie)'

3.3.2 Field Effect Transistor Measurement Circuits

Figures 8 and 9 show the circuits for measuring transconductance under two differ-
ent sets of test conditions. The circuit in Figure 8 was also used to monitor |D and
VGS’ and the circuit in Figure 9 was also used to measure 'DSS' The circuit

shown in Figure 10 was used to measure VP (pinch-off voltage).
3.4 TEST ENVIRONMENT

3.4.1 Pressure

During the test all specimens were at atmospheric pressure.

3.4.2 Temperature

Twenty 2N708 and twenty 2N918 transistor specimens were located in an environ-
mental chamber at a temperature of 75 2°c throughout the test. The remaining
specimens were located in an environmental chamber adjusted to hold the temper-
ature at 30 £ 2°C. Near the end of the test the temperature in this chamber in-
creased because of gamma heating. See Figures 11 and 12 for the temperature

. . )
traces for the specimens located in the 30" C chamber.

3.4.3 Nuclear

The irradiation was performed in two radiation phases with a lapse of about one
hour between phases. The first phase was conducted using neutron attenuation

shielding interposed between the reactor and the specimens. The second phase was



without shielding. This latter phase was interrupted by a period of about 15 hours
at zero reactor power. The neutron to gamma ratio was 2.6 x lOsnvf/r with shield~
ing and 1.5 x 108nvr/r after shielding had been removed. During the irradiation
both neutron and gamma radiations were monitored and recorded.* Isoline radia-

tion flux plots were made for use in data reduction.

A more detailed description of the GNL Nuclear Measurement System is contained

in a previous report, viz; Components Irradiation Test No. 1, ER-6785, Georgia

Nuclear Laboratories, Dawsonville, Georgia.




4.0 METHOD OF DATA ANALYSIS

The GNL Data Logging System recorded the parameter measurements in type-

written digital form and simultaneously punched the data in five-channel perfo-
rated tape. A tape-to-card converter was used to transfer the data to IBM cards
which were then programmed into an IBM 7094 computer to yield the parameters

portrayed in the included graphs.

Normalization of a parameter was accomplished by dividing each parameter value

by its corresponding pre-irradiation value.

The mean parameter value for a data group, where shown, was computed by add-
ing the individual specimen parameter values and dividing the sum by the number

of specimens.

The median parameter value for a data group (that value which divides a distribu-
tion so that an equal number of items is on either side of it) was determined from a
plot of the individual specimen parameter values on an arithmetic probability chart.
The limits of the 68% envelopes were determined by picking off those values with-
in which were contained 34% of the specimens next above the group median value
and 34% of the specimens next below the groupmedianvalue. The limits of the 95%
envelopes were found in a similar fashion. The 7094 computer performed these

functions.

In those cases where the parameterof anindividual specimen behavedsignificantly
differently from the group median, these "unusual ' specimens have been portrayed

separately.

The 2N2498 specimens were located on two boards, numbers 7 and 8 (Figure 4). Be-

cause the reactor hadto be positioned higher than usual to accommodate the greater



vertical extent of the test arrangement, the flux field over these boards was such
that the variation in radiation exposure for individual specimens ranged from 27% to
101% of the nominal exposure. Thiswide variation precluded treating all 29 speci-
mens as a single group for statistical analysis. However, inorder to obtain some statis-
tical intelligence from the data, the 29 specimenswere divided into three groups. One
group contained 14 specimenswith accumulated neutron fluxes ranging from 80% to
101% of the nominal, a second group contained 8 specimenswith accumulated neutron
fluxes from 59% to 77%, and the last group had 7 specimens with accumulated fluxes
from 27%to 47%. Mean parameter valueswere calculated for each group and these
means were plotted at the respective group average integrated neutron fluxes. The max-
imum and minimum parameter valueswere also plotted. These plotted pointswere used
to delineate the means and envelopes shown in the figures portraying the 2N 2498 data.
The envelopes correspond approximately to the 95% envelopes shown inother figuresof
thisreport. The post-test valuesshown in these figures are those obtained from the 14

specimen group as this was the group experiencing the maximum integrated neutron flux.

Radiation environmental data shown in the figures' abscissae were obtained by in-
tegrating, with respect to time, the gamma dose rates and neutron fluxes. Those
figures which show "Percent Failed Versus Integrated Neutron Flux" were prepared
in a manner similar to the procedure described by Mr. Frank W. Poblenz in an ar-
ticle entitled "Analysis of Transistor Failure in a Nuclear Environment", which ap-
peared in Volume NS-10, Number 1, January 1963, of the IEEE Transactions on
Nuclear Science. This type of presentation enables the circuit designer to predict
with 50% confidence the radiation level at which any given percentage of the par-

ticular component will equal or exceed the failure criteria.

Copies of the reduced data from which the graphs were prepared are on file in the
Astrionics Laboratory of the George C. Marshall Space Flight Center, NASA,
Huntsville, Alabama, and the Georgia Nuclear Laboratories, Lockheed-Georgia

Company, Dawsonville, Georgia.
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5.0 TEST DATA AND DISCUSSION OF RESULTS

The test data have been presented herein in graphical form. The radiation expo-
sure is, in all cases, a combination of neutrons and gamma rays. The abscissa
scale on each of the graphs is accumulated neufrons/cm2 greater than 0.5 MeV.
However, the coincident accumulated gamma dose (r) is also indicated at those
points where changes in the reactor power rate occurred. |t is important to re-
member that the total radiation exposure consists of both neutrons and gamma rays
and that each may contribute, in varying degrees, to the degradation of a compo-

nent's parameter.

5.1 TYPE 2N708 TRANSISTOR

Twenty specimens were irradiated at a constant 75 % c. Twenty additional spec-
imens were irradiated in a chamber adjusted to 30 + 2°C; however, gamma heat-
ing during the latter part of the test caused the temperature in the chamber to rise
above the specified limits. Temperature data for these specimens are shown in Fig-

ure 11.

5.1.1 2N708 Specimens Irradiated at 75°C

The hFE Parameter

Figure 13 shows the normalized h__ data for these specimens. The slope disconti-

FE
nuity in the median at the point of shield removal indicates that the gamma compo-
FE* One

during the first part of the irradi-

nent of the irradiation contributed significantly to the degradation in h

spevcimen displayed a significant increase in h

FE

ation. This specimen is shown in Figure 14. The post-test measurements taken a-

bout 66 hours after the end of the test indicated no annealing of the hFE

parameter.

Figure 15 shows the failure (50% decrease in hFE) pattern for the group. Initial

11



values of hF and order of failure were:

E

hFEo Order of Failure
37.36 15
38.14 5
42,13 19
42.40 10
43.03 8
43.03 3
44.99 17
45,64 14
46,06 13
47 .24 20
49.75 11
50.84 6
51.50 2
52.44 1
52,72 16
54.06 18
54.34 4
55.24 12
63.78 7
65.07 9

These data show a slight correlation between high values of hFE and early failure.

The hie Parameter

The normalized hie data are shown in Figure 16. The general similarity of these

data to the normalized hFE data shown in Figure 13 may be explained by the

12




relationship:

h, = b + (hfe+ l)re

where T base spreading resistance, and

.,
]

emitter junction resistance.

Since hfe ~ h__ the expression may be written:

FE

h, ~ r

ie b+ (h

FE * ])re

Normally (hFE + l)re is the predominant factor and thus controls hie'

The fact that normalized hie (Figure 16) decreased at a rate cifizrent from normal-
ized hFE (Figure 13) indicates that either f, OF T oOf both, may have been

changed by the irradiation.
There appeared to be a slight annealing of hie during periods of zero reactor rate.

5.1.2 2N708 Specimers lrradiated at 30°C

The hFE Parameter

The normalized hFE data for these specimens are shown in Figures 17 and 18. These
data also show a discontinuity in the slope of the median at the point of shield re-

moval indicating a significant contribution by the gamma irradiation to the degrad-
ation of hFE'
The failure (50% decrease in hFE) pattern for the group is shown in Figure 19. A

comparison of Figures 15 and 19 shows no significant difference between the failure

13




. . . O . . .
pattern of those specimens irradiated at 75°C and that of those specimens irradiated

at 30°C.

Initial values of h_ .. and order of failure were:

FE
hFEo Order of Failure
31.05 14
31.08 11
31.79 17
33.32 15
34,00 7
36.32 12
36.51 19
38.46 8
38.70 10
39.20 9
39.84 2
41.50 3
42.20 18
42.36 20
45.25 )
46.67 1

- 47.15 5
50.33 16
51,01 13
54.00 4

The data also show a slight correlation between high value of hFE and early fail-

o
ure.

14




The h, Parameter
ie

The normalized hie data are shown in Figure 20. The remarks of paragraph 5.1.1

concerning the hie Parameter apply to the general similarity of Figures 17 and 20.

These specimens, in contrast to those at 75°C, showed no significant annealing of

hie during periods of zero radiation.
5.2 TYPE 2N918 TRANSISTOR

Twenty specimens were irradiated at a constant 75 + c. Twenty additional
specimens were irradiated in a chamber adjusted to 30 + 2°C; however, gamma
heating during the latter part of the test caused the temperature in the chamber

to rise above the specified limits. Temperature data for these specimens are shown

in Figure 11.

5.2.1 2N918 Specimens Irradiated at 75°C

The h__ Parameter

FE

The hFE data for these specimens are presented in Figures 21 and 22. The contri-
bution of the gamma component of the irradiation to the degradation of hFE is
evidenced by the slope discontinuity of the median at the point of shield removal.
This discontinuity is not very pronounced in the case of the "unusual " specimen
(Figure 22), and may indicate that this specimen was more gamma-resistant than

were the other specimens. This may explain why this specimen was the last in the

group to fail.

Figure 23 shows the failure pattern for these specimens. Initial values of hFE and

order of failure were:

15




h Order of Failure

FEo
10.78 19
34.72 17
34.83 15
37.55 11
37.87 16
39.20 10
41.40 6
42.00 9
42,18 8
42.91 14
43.27 5
46.19 12
49.36 4
51.27 ]
57 .47 13
61.16 2
62.39 3
62.47 18
100.90 7

(The data obtained from one specimenwere not useable.)

These data show fairly good correlation between high values of hFE and early

failure.

The h, Parameter
ie

Figure 24 shows the normalized hie data for these specimens. The discussion in

16




paragraph 5.1.1 concerning the hie Parameter applies to the general similarities be~

tween Figures 21 and 24.

There appeared to be a slight annealing of hie during periods of no irradiation.
5.2.2 2N918 Specimens lrradiated at 30°C

The hFE Parameter

The normalized hFE data for these specimens are shown in Figure 25. The charac-
teristic slope discontinuity in the median at the point of shield removal also appears

in this figure.

Figure 26 shows the failure pattern for the group. A comparison of Figures 23 and
26 shows that the group irradiated at 75°C (Figure 23) had slightly greater radi-

ation folerance than did the 30°C group. Initial values of h__ and order of fail-

FE
ure were:
hFEo Order of Failure
22.41 15
26.13 14
28.81 16
29.56 20
30.93 18
34.01 12
34.58 17
34.71 9
37.87 8
38.40 5

17




h Order of Failure

FEo
(Continued)
39.43 13
40.89 10
41.32 19
43.96 4
47.37 7
52.08 11
52.08 3
52.88 1
53.17 2
53.36 6

These data show good correlation between high values of hFE and early failure.
)

The h. Parameter
ie

The normalized hie are shown in Figure 27. The discussion in paragraph 5.1.1

concerning the hie Parameter applies to the general similarities between Figures 25

and 27.

There appeared to be no annealing of hie during periods of no irradiation. This

. O .
was in contrast to the 75 C specimens.

5.3 TYPE S2N1486 TRANSISTOR

Ten specimens were irradiated in a controlled temperature chamber adjusted to 30
+ 2°C. However, gamma heating during the latter part of the test caused the tem-
perature fo rise above the design limits. Figure 11 shows the temperature trace for
these specimens. Note that the rise in temperature occurred well after failure of

all the specimens.

18




5.3.1 The hFE Parameter

Figure 28 shows the normalized hFE data for these specimens. The significant
contribution of gamma rays to the degradiation of hFE is again evidenced by the

slope discontinuity of the median at the point of shield removal.

The failure pattern for the group is shown in Figure 29. These transistors showed a

. 1 2
comparatively low radiation tolerance. All failed before 6 x 10 0n/cm had been
accumulated. Initial values of h__ and order of failure were:

FE

hFE Order of Failure

(o]

32.32
32.88
33.84
35.00 |
35.18
37.44
39.60
39.97
42.09
44.38 6

N G N0 O H» W o

—

These data show a slight correlation between high values of h__ and early failure.

FE
o
5.3.2 The hie Parameter

The normalized hie data for these specimens are shown in Figure 30. The general
similarities between Figures 28 and 30 may be explained by the remarks of para-

graph 5.1.1 concerning the hie Parameter.

19



5.4 TYPE S2N2412 TRANSISTOR

Twenty specimens manufactured by Texas Instruments were irradiated in a controlled
. O .

temperature chamber adjusted to 30 £ 2C. During the latter part of the test the

temperature rose above the designed limits because of gamma heating. Figure 12

shows the temperature trace for these specimens.

5.4.1 The hFE Parameter

The normalized hFE data for the specimens are shown in Figure 31.

A significant contribution by the gamma component of the irradiation to the degrad-

ation of hFE is evidenced by the slope discontinuity in the median at the point of

shield removal.

The failure (50% degradation of h__) pattern for the group is shown in Figure 32.

FE

Initial values of hFE and order of failure were:

hFEo Order of Failure
52,22 19
54.87 20
56 .04 6
61.29 4
64.48 17
69.92 10
70.69 12
74.43 3
74.56 7
74.97 16

20




h - Order of Failure

FE
° (Continued)

74.97 13
79.14 9
80.42 ,

80.94 14
85.77 8
85.80 18
87.65 1
97.13 15
99.02 5
112.30 11

These data show no correlation between hFE and order of failure.
o

5.4.2 The hie Parameter

Figure 33 shows the normalized hie data for the group. The remarks made in para-
graph 5.1.1 concerning the hie Parameter are applicable to the general similarities

between Figures 31 and 33.

5.5 TYPE 2N2498 FIELD EFFECT TRANSISTOR

Twenty-nine specimens manufactured by Texas Instruments were irradiated in a
controlled temperature chamber adjusted to hold the temperature at 30 + c.
However, during the latter part of the test, gamma heating caused the temperature
to rise above the designed limits. The temperature data for the specimens are shown

in Figure 12.

The wide variations in radiation exposure among the specimens necessitated some

21



compromises in the analyses of the data obtained. The methods used in data analy-

sis and presentation are explained in Section 4.0,

5.5.1 The |DSS Parameter

The lDSS data obtained are shown in Figure 34. This parameter remained essential-

ly constant up to an exposure of IOI3n/cm2, but after this point | S declined

DS
steadily and reached essentially zero at 1.7 x 10]5n/cm2. The post-test readings

(66 hours later) showed no annealing.

5.5.2 The VP Parameter

Figure 35 presents the VP data for these specimens. VP showed a slight decline be-
fore the LiH shield was removed. After removal of the shield VP slowly increased

to about its original value at 2 x lO]3n/cm2 then began to decrease. After the 15
hour shutdown period irradiation was continued at a reactor power of 3 megawatts.
During this period VP increased, rapidly at first, then more slowly. However, meas-
urements taken immediately after reactor shutdown showed a mean Vp value of a-
bout 1 volt. This would indicate that the increase in VP was a radiation rate effect
probably due to leakage within the specimen. The post-test measurements (66 hours

later) showed a slight annealing of the VP parameter. Also, a slight annealing was

noted during the 15 hour shutdown period.
Vp data for one unusual specimen are shown in Figure 36.

5.5.3 Transconductance Parameters

Two transconductance measurements were made:

(a) gmo was measured at VGS =0,V

and

DS = 15V, ond lD = |DSS (Vgs ¥ 50mV),
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b) g atl, = 350uA, V 15VDC.

DS ¥

The 9, Parameter
o

Figure 37 portrays the Im data. A small discontinuity in the slope of the mean

was noted at the point of %hield removal indicating that the gamma component of

the irradiation contributed to the degradation of 9, A steady decrease in g

began at about 4 x ]0]3n/cm2 and continued until é’m reached almost zero atmo
15

1.7 x 10 n/cm2. The post-test measurements (66 hoors later) showed no anneal-

ing of this parameter.

Failure points for the specimens were determined assuming failure occurred when

g, Wos 50% of its pre-test value. The resulting failure pattern is shown in Fig-

ure 38.

Initial values of g and order of failure were:
m

)

9, (4 mhos) Order of Failure
o
1857 24
1999 8
2002 16
2016 18
2086 29
2142 2
2187 25
2230 6
2249 1
2274 11
2279 10
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9, (umhos) ‘ Order of Failure
o

(Continued)

2286 19
2296 20
2319

2328

2339 14
2341

2402 21
2443 9
2456 23
2521 13
2572 17
2644 12
2649 28
2678 22
2695 26
2721 15
2802 27
2976 3

These data show no correlation between initial values of 9 and order of failure.
)

The 9m Parameter

]
The 9 data are shown in Figure 39. The general behavior of this parameter was
more constant during irradiation than 9. s probably because of the constant |D .

Note that 9, falls off only slightly up 10 the point where ID falls above the de-

gradated IDS] No useable data were obtained beyond 5 x lOMn/cm2 as ID could

5
not be maintained at 350u A for all specimens beyond this point.
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TABLE 1 TEST SPECIMENS AND TEST CONDITIONS

:‘3 ;r:er Description Number Co::istfions IParamefer Remarks
Transistor, 2N708 VCE= v, IC= 10mA hFE
1 |NPN, Si, Fair- 20 [V=1V, 1= 0mA . 75°C
child lg = 10uAat Tke 1€
Transistor, 2N708 VCE =1V, IC = 10mA hFE .
2 NPN, Si, Fair- 20 VCE =1V, 'C = 10mA h. 30°C
child lp = 10uAat lke e
Transistor, 2N918 VCE =1V, IC = 10mA hFE
3 INPN, Si, Fair- | 20 [TV =1V, 1 = 10mA h 75°C
child ly = 10uAat lke e
Transistor, 2N918 VCE =1V, IC = 10mA hFE .
4 NPN, Si, Fair- | 20 VCE =1V, |C = 10mA hie 30°C
child IB = 10uA at lkc
Transistor, S2N- VCE = 4V, IC = 750mA hFE .
5 1486, NPN, Si, 10 VCE = 4V, IC = 750mA h. 30°C
Silicon lp = 15mAat Tke '
Transistor, S2N- VCE = 5V, IC = 10mA hFE .
6 2412, PNP, Si, 20 VCE = 5V, 'C = 10mA 30°C
Texas Instrument IB = 10uA at Tke ‘e
Transistor, 2N- p = 350uA 9m 1
7 {2498, P Chan- Vos= O Vps = 19V o .
= = o
nel, i, Texas 29 | lp = lpgs!Vg™0mV) 0°C
8 Instruments VDS =13V, vGS =0 'DSS
ID 83.5uA,VDS"515V VP
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TABLE 2 MANUFACTURERS' SPECIFICATIONS FOR TEST SPECIMENS

Type

Conditions

Specification

2N708

= 30 min., puised

2N918

n

20 min.

S2N1486

il

750mA, T = 25°C

35 to 100

S2N2412

0.5v, |

c = 10mA, T
c = 30mA, T
c =

C

= 10mA, T =25C

55

2N2498

o = 1500 pmhos min.
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VERSUS INTEGRATED NEUTRON FLUX

4]

10

15



XN74 NOY¥LNIN QILVIDILNI SNSHIA m_;, IZINYWION domm ‘@1IHDYIVA 80/NZ 9t JWNOIS

42

NEu\c
1
Sd n»_o_ m_o_ 30_ m_o_ N_o_ :o_ o_o_ 0
OITT T 11 % 100 0 00 S (o}
)
uroz = °'yuoaw
5d0JaAUT 9CH = = —m— 1"
adojaau] 9,89

ubipayy @—0- .
001X LS o1xzT 8 ¢

o_o_ x6"1 mo_ x6"L L
ao_xm.m mo_xo.m 9 e

mo_xm.m vo_xm.m S

0 0 14
X6'8 mo_ ¥ 61 € ¥

f x6'8 LOLX6L T

X688 Ol X671 !
- € G*

L \ umm\NEu\c 1y /1 240y
\ SILVI NOILVIavy 9
/-
UMOPINYS JNOH G|
M ™ ~

paAGWaY PlaIYS HIT

M|

i xz*
NO_ [

J X "
mo_ €6

=9

*G T =€ *Z
101X L9 *
| 101 xgrl
101X 0°9 v

[ -




XNT4d NOYLNIN QILVIDILINI SNSYIA mn_; a3IZNYWION ‘D 0€ ‘@1HDYIV BOZNZ Z1 3¥NDH

NEu\c
s '
d o_o_ m_o_ v.o_ m_o_ N_o_ __o~ o_o_
g . I L3 LI LI 1 1
)
= Sproy = 34y uoayy
2do|aAu] 4G4 = ==
adojaaug 9,89
N uoipayy @—@-
N . % .
A 0t x0°1 0l XG6°Z 8
VR sotxye Jouxoe s
] o_o_ X0l mo_ x6'C 9
// ? ol x0°1 0l X978 S
6 14
0 0 14
\ QX9 ouxer g
,7 oo_ X9 vo_ I 4 14
x Q* x7°
wo_ 971 mo_ [4x4 {
uwm\NEu\c /1 £340Y
SILVY NOLLVIAYY
umopinyg Jnoy m_.
i T
paaoway plaiys {1
- ]
t
g ——— s 29 *G - #f T — e
J0LxYTL 114 J0Lxttl 101 %9, 14 101 xXG6TL
4 | 9 S | 4
i X g° ) X Q*
oo_ 8°¢ mo_ 8’9

x|

Siq/iiq

43




34

XN14 NO¥LNIN QILVIDILNI SNSHIA “7Y GIZNVYWION ‘NIWID34S TVNSNNN INO doom ‘G1IHDYIVY 80/NZ 81 3¥NDI4
w3 /u
!
m—c_ v_o_ m_o_ N_o_ o_o_ . 0
105 i 1 N - )
Om .
0zzy = Y
p_o_x 0l oo_ x¢'Z 8
1 gorxve orxos 2 ||
\ | omo_xo._ wo_xm.m 9 ﬂ
/ LLX0°L jorx9g S
N 0 0 14
ot X9l 0txZ'¢ € —]
\\ Mo~ ¥ 9l wo_ x1'Z Z
M QX9 Xz
//_ owm\NEU\: 1y /s » 210y
SILVI NOILVidVY
NN
\
\
\
j upipayy dnoigy
|
,/ N
-
N ™~ S e [t g .IIT
Gy udw)3adg M~ ~d
T e a— | —
umopinyg INoH G A nﬁn.,[.l ot
T
- u.m|'T| L TS 49 L", xS *€ -1 tNA'—.«_ul
Lmo_ R AN a% hoo_ X ;no_ X9/ ¢w hvo_ X6
4 xQ° .
oo_ 8'¢ hmo_ x8'9

aaq/aaq

44




Percent Failed

7.6 x 107 1.1 x 10% 2.8 x 105

99.99

Failure Defined /

O
he]
O

99

As hFE/hFEo <0.5

98

95

90

80

70

60

. ¥ 1

50

40

30

20

10

/

0.01

[

10

12

1013 ]014

2

n/cm

FIGURE 19 2N708 FAIRCHILD, 30°C, PERCENT FAILED
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FIGURE 26 2N918 FAIRCHILD, 30°C, PERCENT FAILED
VERSUS INTEGRATED NEUTRON FLUX
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FIGURE 29 S2N1486 SILICON TRANSISTOR CORPORATION, 30°C,
PERCENT FAILED VERSUS INTEGRATED NEUTRON FLUX
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FIGURE 32 S2N2412 TEXAS INSTRUMENTS, 30°C, PERCENT
FAILED VERSUS INTEGRATED NEUTRON FLUX
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FIGURE 38 2N2498 TEXAS INSTRUMENTS, 30°C, PERCENT
FAILED VERSUS INTEGRATED NEUTRON FLUX
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